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fi ENTRODUC TION 


A. BACKGROUND 

Electronic assistance to office workérs and the result- 
ing productivity anereases Navestiscemednamatleal by aimee 
past two déeadés. Evens the weanl a 0) sep noduecrs Siena 
the IBM magnetic card typewriters, enabled workers to 
vastly improve both the quantity andsqualutyeot thelr Citomucm 
The largest gains, however, resulted from the introduction 
of affordable miGrocompucers es Weroconpiee nett ic sor matec 
environment provided seemingly endless possibilities, such 
as word processing, data processing Inorg eloamestanace. 
message/letter routing via networks, facility for automated 
computations, Intecratvomeet mult ip le yor miec mee Cron sn 
graphical displays, and) numenows soc 1 cesar oreo et dere 
workers discovered that one of the marvels of microcomputers 
is that every use o£ a micro prompts a “wouldn t-it-be-nicesim. 
LOT Oulersugence 

The challenge toe meee these. emitam ee dive agape eecle eee 
was met with gusto by computer programmers--there are now 
thousands of applications progianse 1 ele wide Cpe dec mas 
meet almost any need. However, since they were written in 
response to specific needs and desires, almost all of these 
programs share a Common deficiency: they aresvoomspce ties 


to be generally useful. Sophisticated word processors 


cannot handle spreadsheet applications. Simple, menu-driven 
programs are annoyingly tedious to experienced users. 
Integrated packages lack sophistication in all areas. 

R. MOTIVATION 

One area that provides good example of the wide range 
of capabilities of applications-based programs (and the 
motivation for this thesis) is that of database management 
Systems. They cover the spectrum from very easy to use 
(but very limited in complex querying capability) to very 
powerful (but too difficult for the novice user). While any 
Temermuniese programs might be ideal in a particular situa- 
POMmmanmy change im the environment necessitates a change 
Gm vbens OF an extensive training program. These changes 
might be prohibitively expensive in terms of time, money, 
or both, and should not be necessary. "Wouldn't-it-be-nice- 
if'' there was a system that was capable of satisfying both 
needs? There will be. 

Before attempting to design such a system, we must 
address two major areas of consideration: 1) the needs of 
the user, and 2) the requirements of the program to meet 
those needs. These areas will be addressed directly here, 
augmindisectly throughout the remainder of this thesis. 

1. The Needs of the User. 

General requirements for office workers are covered 
expressly in (LAR 84), and less formal approaches in (WON S82). 
(Wiese (ZLO 77) also address user needs. Following 
Howaeconsolidation of the ideas expressed in those articles. 


7 


a. information must be préesentedminetacmic a oc 
view. It must be presented in a form that is natural and 
familiar to the user, or he will never be comfortable 
with the system--it will always remain somewhat magical 
(and not to be trusted completely). 

b. Memorization requirements must be minimized. 
Most keywords and interaction procedures are arbitarily 
assigned, and requiring tie UsSenes coamenahi 7c weichie im bmer 
duces a new abstraction that) Seno tena cud rons anette 
accept. This eoncépt should bemapp i tediet ems eve a alee ton 

(1) Database. (LAR 84) states "the office worker should 
Not NeedytoO Temenwer stile) Oa 0c flee emt cmon ric 
database...the system should display thas informacuen = 

(2) Query language. [Whether tie aneouae cet ce cone. c dimer 
words, pictures, or some combination of those, the 
user should be able te qurek)) catia aero n 
aADOUL thie Meanie se bikes mo lor 

(3) Query formulation. The formulation process should 
coincide with the wWser Ss bicucn peor occ > eco meine 
program must include the Gapaouiit, ston stmee ls ciero 
formulate a query an 42 precencalee anion 

Cc. Training time mUSt iberma na iezic en dec we imense 
must be some training for any non-trivial program, an 
excessive training time requirement will exclude Some users 
(who simply cannot invest that amount of time) and will 
discourage those who "do attempt the trainin ho cma 

d. The possibility of eCrmoncons inpueeiist ae 
minimized. There are tworty pes oreeuno nom ia eimme nme) c 


easily detected (and therefores avoided) ean tap mcpnen dec 


command (i.e. a normally valid command at an inappropriate 


time in program execution), and 2) a mistyped command 
Cee inproper spelling or invalid format). Taking action 
HOME nese twomernors will not assure the user a mis- 
fice HeesccociOimmuth the program, but it will go far to 
iieGeasemeNemicemicucontidence by,climinating major prob- 
lems caused by trivial errors. 

e. Feedback must be provided. A good example of 
Mito vrtnout examining a specific ’program) is the capability 
UMmlaOlaveaintermediate results during the query process. 
While it is not desirable to overburdent the user with 
informatin (don't make this display mandatory), he should 
Bemapile towgaccess it af desired to verify the correctness 
Gimesmouery, Another benefit of feedback is that it 
encourages experimentation--it answers the "what-would- 
Meee b-)-askéd=this” question. 

fa Help must be provided. User help can take on 
many forms, such as menus, subject directories, help 
Meseagesce, Crror messages, structure displays, screen layout, 
intermediate result displays, input prompts, and many 
Seicmoee lt 1S othe sresponsibilaty of the designer to pro- 
vide sufficient help to the novice user without forcing 
unnecessary help onto the sophisticated user (WU 85). 

Cleo tc acapaheonmmnOugh wall other goals 
may make the user comfortable and confident, they are all 
i(@mematent If the user cannot extract the required informa- 


tion. He must be able to perform a wide range of activities, 


from simple data/structure viewing to the formulation of 
Comp Lex saitemenesn 
2. The Requirements of alvPrognam to MeereUsemm icace 

The characteristics of such a program (or, more 
specifically, avdatabasé interiace packace | Marceaddie ce 
in (WU 85). Those characteristics are reiterated here, 
along with explanatory Gommentseand siiesUse mebeqU IGenemes 
(described above) that they satisfy. 

a. lt must be dese¢ripmaiye ee gas seems s a petea 
the kinds of data Stored and wune inere macros Wes el 
characteristic satisfies requirements 8B.1)(a), B.1)(b), 
Bal) (C}eeand ee Gee 

b. It must be powertul. it the antormatron 1s secn= 
tained in the database, the user must be able to extract 
it, regardless of the complexityeo1) cic eae a) ee 
characteristic satisfies requirement B.1)(g). 

c. It must be Gasy to Tear lany  eccns. Cpmenc 
program will be novices untamilliar Wiel Gatabase terminoleoa 
and the designer is challenged to produce a program which 
can be quickly learned (interactive tutorials are often 
helpful in this process). Designing a program with this 
characteristic will necessarily satisfy requirements B.1(a) 
B.1(b), B.1(@)2 Boley eee Ch enee re laitcam 
Co POS oi Beier 

We now have some solid requirements to begin a program 


design. However, there still remain several questions that 
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must be answered. These questions present themselves in a 
Sequential nature, so let us now address them in that man- 
Heeandeexplore tne possibilities. 

Pe uaceusc rroblem nlready Been solved? 

The answer is "no". While there are many database 
programs available (some of which will be discussed in 
Section D), none of them satisfy all the requirements for 
the user and the program. The biggest trade-off in exist- 
ing programs is the ease of use as opposed to power. 

[ee ise an Entire New Program Required? 

Probably. While it might be possible to modify 
existing programs to eliminate some of the disadvantages 
Midmnect More Of the requirements, theré would inevitably 
remain some inappropriate characteristics which are either 
impossible or not cost effective to remove. It would be 
Vecwmmeteer lO 1ncorponace the positive characteristics of 
many such programs into a new one while avoiding the negatives. 

$3. Will an Interface Program Meet Our Needs? 

woe einesonly Caution here 1S to ensure that the 
underlying program/query language is capable. A powerful 
program can be made easy to use: an inherently weak program 
cannot be made powerful without extensive, fundamental 
Ghanges. 

PV lye or Intertrace Do We Want To Use? 
As discussed in (WU 86), there are three ways the 


user interacts with a database management system: the 


Jatt 


creation of the database, the manipulation sot saa G aaa ie 
development of applications programs. He goes on to dis- 
cuss several existing interface methods, such as natural 
language iInteridecm(eeG) 54. cons 4. HEN 77, WAL (Se 
modified query language interface (KOR 84, MAC 85), graphics 
interface (HER 80, LAR 84, MCD 74, STO 82, WON 84, ZLO 77), 
fourth generation languages, and fill-in-the-form program- 
ming (ROW 85). None of these existing interfaces, however, 
address all three types of user interaction. What is needed 
is a single, unified interface which will enable the user 
to accomplish abl his aetivaiies a 7 tino sci sieneimuie nt. 
The interface method which presents the greatest potential 
fOr this 1S Ene erapatece pom eaecs 
37 bebe Bl Greegiwes UO een ey 

(RAE 85) presents an excellent discussion of the 
advantages of using graphics in programming, and those 
points can be directly related to program users. Some of 
those advantages are: tne randomeaece smn gene peo ct 
the increased dimens ton Of sexe ese mens ei ee Tee eee ye 
with pictures, the higher rate of knowhedgestranster etireuen 
pictures, and the increased ability to represent the real 
world through pictures. While it would not be universally 
useful to devise an interface which presents only pictures, 
some combination of pictures and text layed out ina 


graphical representation would achieve the same advantages. 


le 


DeeEARLY WORKS 

iempoccitial sor a useriul graphics anterface has lome 
been recognized, as evidenced by the number of graphics 
interfaces developed over the past ten years. Following 
Pomoc: review of four of these interfaces, using the 
Smeecnia in (WUS5) (described in Section B.2) to judge 
their effectiveness. 

iPeOucryoby-Example (QBE). 

QBE (ZLO 77) was one of the first DBMS graphics 
interfaces. Its philosophy was to minimize the requirements 
(of initial knowledge and memorization) imposed on the user. 
QBE is relationally complete, so users can formulate any 
@uery that can be expressed in relational algebra or predicate 
Colemuse however, "skeletons" (templates) are provided for 
jiemma_ormubation to alleviate the need for the user to 
MoOMwmmrEinstmander predicate calculus. The major problem 
with QBE and similar approaches, such as those reported in 
feeheee) and {SUG 84), 1s that they lack descriptiveness. 
Se aineuteanid output vine QOBESis@ane tabular form, so it is 
(iculen ror the User £6 get a cood overview of the system 
and relationships of the data, and it is not possible for 
him to easily browse through the data or database schema. 

2. Spatial Data Management System (SDMS). 

SDMS (HER 80) is a good example of a program that 

is easy to use, but has limited capability. Data are 


represented in graphical form, and their relationships are 


RS 


determined by their spatial positions in a graphical data 


space. The system was written for novice users, and seems 
to encourage browsing with its "zoom", “unzoom", and "position 
cursor” commands Simple data retrieval is @velltuye, ca 


with SDMS, but it Dacks a sample method to@ionnulates. 
complex query. Therefore, the poser or Siow is noteace aap ke 
CO Many Vulsic ise 

3. Text, Icon, and Map Biewcemieron mize cnidedm cucemomns 
(TIMBER). 

TIMBER (STO 82) is described by its author as "a 
user friendly, graphics-oriented browser for a relational 
data base". It provides the same type of Drowseneapabilapies 
as SDMS, enhanced by incorporating some of the concepts jon 
QBE. Its ability to Support icons, Maps,” Sexe adenoma 
fixed format relations iS an improvement over SDMS, but it 
still lacks power and desermiptiyemes ce 

4. Graphical User Interface tomeDatabane Exp loracion 
(GU DR) . 

GUIDE (WON 82) is the first graphics interface 
package that attempts tomaddress a1) seltemecouivemenes 
described ablve. It is descriptive in that it displays 
the database schema as a network of entity and relationship 
types. It also provides hierarchical subject directories 
to further describe database contents and assist in data 
location. ft allows fom piecemes iamiew set orm eo meeai 


gives feedback by displaying intermediate results, making 
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Compue< qucrTics possible. However, some aspects of GUIDE 
cee Winder its erfective use. These include the lack of 
feowaeton DrOwSing Capability, the lack of aggregate functions, 
om Sree use Of two different types of diagrams (Entity/ 
Polaaeoisnrp and hicrarchical subject directories) during 
program execution. These disadvantages can be major 
iuncGeramces to the movice user. 
E- WewW SYSTEM PROPOSAL 

Pemuwemwnave seen, cach of the previous works in graphics 
interfaces addresses one or more of the requirements for 
Meer cetime Sistem. However, none of them satisfactorily 
PeoveueeoesOlutLions to all requirements. “it is the purpose 
Pemeeomencsis, as the initial step in the production of a 
We teeeorapitecs interface, to introduce and design a system 
PomiedMes-madtl requirements of both the user and the program. 

Baememdeseriptlons Of SUGh a System are presented in 
fieecermend (WU 60). The system is called Graphics 
Language for Accessing Database (GLAD). Its intent is to 
buon mecmancomplete, Effective interface devoid of the pre- 
viously discussed disadvantages by incorporating the 
pesitive Bere istics of several earlier works into a 
cme Unified interface package. “A complete description 
@emeibolecharacteristics 1S given in Chapter Z, but let me 
now briefly address how GLAD will satisfy the four require- 


ments for an interface presented in (WU 85). 


ilies 


be DesScr iataaremcisar 
GLAD will employ a diagrammatic display of the 


database schema. This diagram will be rich in meaning 

because it gives a graphical representation Of -bethweie 

entities involved and their relationships, and is applicable 

to all data models.” In additicn  nelpetdemlicic oy see 

included to describe object names and formats to the user. 
2. Power. 

GLAD"sS querying €apab@li ty ewe lbew bac cdo met nic 
concepts of QBE. As previousl, diseucsced Sep re os tele roy ae 
ly complete, so GLAD will anherit 7 com OG geile sob sale ao 
formulate any query which can be expressed in relational 
algebra oF predicate Jeatemliice 

+S. Ease -of Learnannce 

GLAD will be easy to learn because it employs the 
use of common, easily recognizable symbols to identify 
objects. These symbols are circles. dotreceands. oc dlenge ce 
and regular, nested dnd repedted acc taille sc) aay) eee 
arranged in a natural, sensible manner with the complexity 
of the arrangement Corresponding to jehe) Compre ie o. eine 
objects/relationships. In addition, many help facilities 
will be available to (but not imposed upon) the user. 

4. Ease of Use. 

GLAD will have many features making it easy to 

use. One of these is a convenient browsing facility with 


its own submenu to allow the user easy access to any area 
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Sepeomidtavase and tts information. Another is its 
mechanism for query formulation. The user can formulate 
ieee owil plecemeal fashion, access intermediate results, 
and combine results in any manner convenient to him. 
fcdily | help tacilities should quickly alleviate any 
stumbling block the user might encounter. 
hetero! S ORGANIZATION 

tiemecmiaimder Or this thesis will be organized as 
deoerp~ned below. 

oom Gen 2: opecifications. 

Sip oceciapeer will include informal specifications 
Siege eeincluding Characteristics, program components, 
fea@imenay-OUlS, USe Of the mouse, design priorities, and 
design hints and guidelines. 

Zeeeenaoter 5: Design. 

fimomenapter willsbesdivided inte two major 
Piamtonc--arenitectural desicn and detailed design. The 
agrG@matbectural design section will decompose the program 
pumermomseanto “black boxes", with emphasis on relationships 
Mmmm cttaces., Tne detailed design Section will be a re- 
peated stepwise refinement of those functions until they are 
BoOweectimrord Sutticiently low level to be readily imple- 
mented in a programming language (in this case the C Programming 
Language). 

Peete peen 4. cone mistons and Recommendations. 

ims eclapter will provide the conclusions of the 

fienor as a result of the design of this program, along with 


lee 


some recommendations to aid/guide further work. These 
recommendations will address {hes nequdredeer sme 
complete the production of this system, and some avenues 
of further research which present themselves during this 


CULPeliGmomwk 


Finally, sections will be ineéluded for thems ume 


references and bibliography. 
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iveeoeee lr CA TTONS 


A. INTRODUCTION 

This chapter describes GLAD as it is Pemvemae Ss Temede 
PMc MMiGiit~nitS SCween presentation, possible user actions, 
Vameeoeprcociivattons, and other characteristics of the 
ELocrdiwe semdoes MOt provide requirements in the strict 
sense (FAI 85), because the specifications are not (nor are 
they intended to be) complete. Formal specifications for 
a software project generally provide a means to ensure the 
designers, testers, and customers are in agreement about 
tiemucesand action of the program, provide a basis for 
Ppreoamet Validation, and provide a document to assist 
fowicemayes personnel, In this project, however, there is 
only the design team and the motivation for writing 
Pe wcermewGattons 15 to solidify the concepts and general 
Seeraeronal characteristics of the program in our own minds. 
Pseowei elas Chapter might be more appropriately titled 
"GOALS for GLAD". Areas to be addressed include advantages 
Seo embasic Program compoment descriptions, exception 
Pwiciinoeempriorities in design, dnd design hints and guidelines. 
B. ADVANTAGES OF GLAD 
| The motivation behind designing this new database manage- 
ment program interface stems directly from the disadvantages 


found in earlier works in this field. Several such works 


IES: 


were discussed in Chapter |, so we will) comppnemcmeae 
cussions here to the advantages we will achieve with GLAD. 
le HE aSem Omlisc: 

In today's environment, many database management 
programs are used by those who are either unfamiliar with 
computers in general or are not vexperiencea in daeae ioe 
terminology. This né@cessitives sap poet ame while le Canmoion, 
the user what he needs to know and what he needs to do 
without requiring him) to Invest (execs ye sue Gem eam 
database terminology or a query language. At the same tines 
ease of use implies that a user should be able to formulate 
complex queries ih a Simple, Stralgneronvwana manner wee Gl. 
wlll accomplish ease o © ssc shye 

(a) Presenting the database Schema in a/graphical forme 
as shown in Figure 2.1. This wilie@iprovidemeneeu cm 
an immediate overview of the database and its re- 
lationships, which will benefit the novice by giving 
him an intuitive feel for the relationships im. tie 
database, and the e€xperiéneed ser by schowne. 
top-level aggregates and their a@ssociaetonse tt ace 


serves as a data dictionary, Simce ie User Caio es 
examine the format Of Conmtentsceotean ouncere 


relation general - 
ape regal Lem 1zation reswnt 





Figure 2.1 Graphiea@l (Represeneat tener aes 
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eeencourdging relation browsing. The graphical 
bie SeMedtiom, or the data and the Simple use of 
the three-button mouse make it very easy for any 
Mier tam Drowsemann Ob]ect Or relation. in the database. 

(c) Using similar techniques for all user actions. The 
Scien Demable tO pressmthes same buttons on the 
mouse for similar functions, whether he is viewing 
Ciesceumeasrc or tfOrmuldtine queries. For example, 
Ge wGemecr Dutton wili be used for displaying a pop- 
Wpeiicitmamesselecting an action both to query the 
database and to print the results of the query. 

(d) Making it simple to change levels of abstraction. 
Pwo Memes press On a mouse button, the user can 
emancewrnomethe display or all aggregates to showing 
the attributes (sub-objects) or members of a single 
object. 

Cree ower. 

The most essential element in any database program 
is the ability to extract the required information from it. 
Geeeewmel use grapliics to assist the user in query formula- 
Mionmande wali pattern its querying capability after QBE 
(ZLO 77), which will ensure it is capable of any query 
which can be expressed in relational algebra or predicate 


Camewius . 
ewes cCriplLiveness. 

Mis entails both displaying ali data and their 
relationships and assisting the user by describing his 
Waetewenuor actions and their consequences, GLAD will 
achieve these by providing: 

(a) Aggregation. This is a grouping of objects or sub- 
Objectsm wahe user will see aggregates as object 


names enclosed in rectangles, and can view the sub- 
epyects by EXPANDine the object {see Figure 2.2). 


oa 





object object atom atom atom 
name il -2 n 
Figure 2.2 Object Representa citen 
(b) Generalization. Thils“ds"a5¢reup ing Oo web) eeucmn 
their general category. The wser will see géneraigegan 


Ces 


(d) 


tion names enclosed in double (nested) rectangles, 
and can view the individual objects by EXPANDineweme 
PeNehy awa zat Lome 


Classification. Each item in the databascuw imp 
described (classified) as a piece Of 1ntormanron 
about an object. These data items will be defined 


as members of an object and can be viewed by select- 
ing the EIST MEMBER command (from the pep Weenie 
on the mouse or the menu along the top border): 


Relationships. Relationships Debweenmomsice tous 
GLAD are broken down into four categories (see Frou 
2 oan 


(1) Relation: This 15 a@ basic association betes 
two objects as defined by@phe ser (2.6. identities 
object or sub-object names that provide a link 
between the eb) ects eae 1eClatien 1omeim caer cd 
by a solid Time Connectingsthe tworvobjects tees 
Barone -26 sane 


(2) Partial relation. fPhrs 15 a2 relat venience 
Fiven two objects A andes lees UlDme beet ror 
A is related to B, 2) a sub-object of B is 
related to A, or 3) a SUb-0objicet ot A 15 related 
to a sub-object-of B.  pagtia bere aeons 
indicated by a dotted line Conmectime the 
objects (see Figueras )m 


ae 


eee lke ket --L 


faeeure 2,34 Re lat lon Peer Dead tid le Reda tion 
Pigtiwesz.5¢ Disjunctive Figiune Zod s Recursive 
Ine ea tem Relation 


Pegune s2. > ehelation Representation 


esl sunctive Relations This 1s a relationship 
between one object and one of multiple other 
pects Amey unctimesrelaition 1S indicated by 
agesOlid Mime connecting thesrirst@bjcct to 
Etch Ge stnesother objeces with a circle at the 
end 9@t @ehe Imes terminating at the first object 
(Seow give e256) 


een ecuasive Relation .ssliaseaisma situation 1 
Waien tWomsepecralized ODJects witiin the Same 
wenerdlizedwon)ect are related to each other. 
Recursive relations are represented by a re- 
peated rectangle (see Figure 2.3d) and each 
association in the recursive relation is in- 
digated by a semi-circular solid line beginning 
and end inigmame the “oD ject: 


ior On cach menue level, tnere will be provided 
HELP selection which will describe the actions the 
Ue -meiiayetakeuadt) that pounmGsand the consequences 
resulting from each. 


Ee 


4. Ease of Learning. 

This generally follows from (1), with the addition 
that the program must provide sufficient assistance so that 
a novice can quickly acquire the ability to command those 
actions necessary for him to extract his required inGommi. 
tion. This is provided by the graphical display of the 
data, the permanent menu displayed along the top border, 
the use of the mouse, and easy to -2e@eeco ear. 

C. BASIC PROGRAM COMPONENT DESCRIPTIONS 

This#section will provide definitions sonmecw iiss 
descriptions and lay-out of menus, screen dis@ilay Character- 
istics, program flow, and use of the mouse. It is not 
intended to be intractible, but will providevonuidelines e.on 
the design phase. 

] . Detinmiewoneonmien ion 

a. Object--any Single prece or Siro war toneon 
collection of information which as intended to be recocnized 
as a single entity. 

b. Atomic Object--a single piece of information 
which represents only one system-or user-defined base object 
(string, number, enumeration, subrancge ~ancmnoolean). 

Cc; <Agregate ObjJeCl--a Specific seotloemlonmelt vone 
or more (sub)objects. 

d. Generalized Object--a collection of objects 


grouped together by a common category orf subject. 
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Ceespectilacomoluycer--aly one Of the grouping in 

peecemeralized object. 
ae Veseriptions andwLay-outs of Menus. 

Clie lp revide memis toscover all user actions. 
They will be heirarchically structured, and will be ac- 
cessed in two ways: by selecting one of the items listed 
on the menu along the top border and by pressing the center 
button on the mouse and selecting one of the items on the 
menu which pops up. There are three main functional menus 
in GLAD: the Administration Menu, the Browse Menu, and the 
Execution Menu. The Administration Menu will be displayed 
when the program starts, the Browse Menu is accessed by 
Soho ommunom EXPLORE, and the Execution Menu is accessed by 
SemeoemimemourkY wa ii addition, several items on these menus 
will have their own short sub-menus, which will appear be- 
low them (and can be accessed by the mouse when appropriate. 
Only the current main menu will be displayed, and others 
will appear when an appropriate selection is made on the 
current level. Menu items are selected by pointing to 
them with the mouse pointed and pressing the right (select) 
button, or by displaying the pop-up menu by pressing the 
center mouse button and keeping it depressed while you roll 
the mouse down until the correct choice is highlighted and 
Belew emitter Menu ttemseane de selected (i.e. results are 
erased and screen is rewritten by re-selecting an already 


demimemiselected) item. All prompts to the user will be 


Zo 


placed on a Command Line located immediately below the 
top DOTrde ramet 

a. Administration Menu (see Figure 2.4). This 
menu will be displayed immediately when.the program starts, 
and provides the user with his initial choices ror mig, 
lating the database. Menu ivenem ne ruce: 


(1) OPEN--this option opens the database to be used by 
prompting the user to enter the database name. 
When it receives the name, it causes the initial 
screen display showing object rectangles, names, 
and= relationship econneceine mec. 


(2) CLOSE--this option closes the database by ensuring 
all files are closed. The user is queried to 
Save or abandon any open files. "This Can be donc 
at any time during the execution of the program, 
providing the user the ability to emsugeeaie or io 
work is complete before continuing or quitting. 


(3) EXPLORE--this option allows the user to view and 
query the database. While no database manipulation 
is performed as a direct result of choosing EXPLORE, 
the menu is changed to the Browse Menu (described 
later), and the level of abstraction is changed so 
that data manipulation can be done. 


(4) SET-UP--this option allows the user ™to™atver deraa: 
values in the program. For example, he can instruct 
the program to SHOW RESULTs each time they are 
created, or he can have the results DESCRIBEd auto- 
matically. 


(5) HELP--this option provides help with all Administra- 
tion Menu items. It describes each of the menu items, 
actions which will be performed whem se le@red amd 
associated sub-menus. 


(6) QUIT--this option exits the database program and re- 
turns the system"s prompt. ))lGethemcmarc eam aropen 
files, it provides a prompt to the user to CLOSE 
first or QUIT abandoning open files. 
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Figure 2.4 Administration Menu 


b. Browse Menu (accessed by selecting EXPLORE on 


Paewaciiimictration Menu) (see Figuré 2.5). This menu pro- 


vides options to the user to manipulate the database on 


Mim=iewe site Objet’ level, Seltems provided in this menu 
are: 
MeelecekiIBE--this option provides the user with a 


(2) 


(3) 


(4) 


definition-type description of an object. The object 
Miele supeGm)ect fames ane displayed with their 
Pegerateusaata types. and all@relations linking this 
object with others are listed. If the object is 
mEcmeralized Object.) Its associated Specific objects 
Pueemaursp layed with therr data types. 


Ore atils eplicm 1S Similiar to the EXPLORE menu 
Peehmerm tiat Nogdirect data manipulation 15 pertormed 
wilem mt as seleeted: It does, however, change the 

Ne vecieoerdpsthaction dud displays the Execution Menu 
Meiibow the User to query the database. 


UPGATE--this option allows the user to add to or 
Semen t ne intOrmlattem iy an G@bjyect. It provides an 
eopeet one leton (Withee ecunrent values if the mouse 
Heantine tO aneobject) anda sub-menu to prompt the 
eer £On pertinent iInmftormation. 


Pravda --thissontion vallows the User to print portions 
Steric ddtabdse or results of a query. In addition, 
Micrtomuessphevlded a2 means tes screen dump" to allow 
ims Tero Mike dad Mamdcony sot the graphical repre- 
Semtation of any screen display during the execUltion 
Pemeic ep uOordneeEnesSe Options are provided in 
Peed’ Ss sub-menu. 


(>) 


(6) 


(7) 


(8 ) 


(9) 





EXPAND--this option 1s Similar to Wiser ex cen:: 
that it is intended to be used in a "browse mode", 
and just shows the atomic sub-objects of the se- 
lected object. It is important to nese tomers 
non-atomic sub-objects are not displayed: they are 
the fitems which Tink the object "to ottereobyaer. 

and are not important to. the object def inuiatom 

These are only displayed during the UPDATE Vener aaaene 


LIST MEMBER--tnis option ws used to display Vageena 
sStantilation of “an ob) ceteonssuboob eect, (hice, 
current information contained in it. 


CENTER--this option will center the display around 
the object pointed to by the mouse pointer. 1f no 
object is being pointed to, the user is prompted 

for the object name around whieh to center the dispilagge 


HELP--this option 15 e1denvica le tom ees EiLr sopaitom 
in the. Administration lemugre Meer tami eeecon ic ic 
items in “the Eres emu 


QUIT--this option returns the user to the Administra- 
tion Menu. If there are any open files or queries, 
it will prompt the user ¢€o complete then teaenon be 
fore the return is executed. 


lest * 
Pa | avery | gate [print expand 


list center Ine | i 
member a © quit 


Figure 92 7ou higews cuamenir 


c. Execution Menu (accessed by selecting QUERY on 


the Browse Menu) (see Figure 2.6). The functions described 


in this menu demonstrates the real strenetigot sClhAD es Tiney 


allow the user to specify objects and Sub-objects, create 


results of queriés, and display op cin eeconbinc wm andm sae 


those results. The Execution Ment ttensea: 


CE) 


(2) 


(3) 


e) 


(9) 


(6 ) 


Svcs kbovlt—--this Option provides to the user a 
Pemnaitent a necord of process used to achieve his 
Zouk. Ihisens done by Saving £0 disk a file (user 
1s prompted for filename) containing the process. 
This process can be called later by the user by the 
use of a "program box" (which will be designed and 
implemented later). ; 


SHOWeREoVlMl--this Option is identical to#the LIST 
MEMBER command, except that it acts on the result 
pointed to by the mouse pointer. By requiring the 
mouse to point to the result, the user can review 
any of several results he has created. It should 
Bewnoted fiere that SHOW RESULT causes the actual 
Result rtoumulation: before this time, only the 
peoOcess hor, result formulation is saved. 


Sheth keouLl--this Option simply erases the process 
Witemecreates the result pointed to by the mouse 
pointer. This enables the user to "take back" 
erroneous query formulations, and eliminate old 
results before proceeding with new queries. 


foe ween eouLl--thrs Option tells the program that 
all specifications have been made and the user is 
ier emnonimrune result. The result formulation 

1s not actually performed at this time (since it is 
mie -cOnsuming and may mot ever be required), but 
the process is saved to be used if needed. When 

time process has been saved, an icon (rounded-corner 
rectangle) is placed at the bottom of the screen 
labeled RESULT X, and all rectangles associated with 
the query are identically shaded (see Figure 2.7). 


COPY RESULT--this option makes an identical copy of 
the result process pointed to by the mouse pointer. 
Pero moTdceduadyacent Lo the Copied result at the 
bottom of the screen and is labeled RESULT X COPY. 
Baperrorming the COPY RESULT, the wser is able to 
experiment with several combinations of results 
without destroying the original contents of the 
miemndual result processes. 


COMBINE RESULT--this option performs a join of two 
or more intermediate results. If there are only 
imoOmnesulisespresent, the joan 1s done immediately. 
If there are more than two, the user is prompted for 
the names of the results to be joined. When the 
joMmimiseconpletcd.. Gie ildivadual result processes 
are erased and a new result process is placed at the 
bottom of the screen with all associated rectangles 
fi ronethe previous results) tdentically shaded (see 
Figure 2.8). 
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Figure 2.6 Execution Menu, 
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Figure 2.8 Combine Result 


Meme -this Option creates an object skeleton” 
Mecne Ob)|ecCt pommted to by the mouse pointer: 
iitteeskeleton Contains the name of the object and 
all associated fields in table-name format, and an 
area below these for query specification (see Figure 
Dont 


BDESCRIBE--this Gptroneparovides a description of the 
Peotciapoimmcdsto by ehesmouse pointer, Included 
Peewee Mane Of sabe siuemToCdmOmmect and the specifica- 
Mmuomomeiterced by ste wuSser- menmns GdeScription 15S 
placedmimmcdiately bellow thesresult. It remains on 
the screen until the result is CLEARed or COMBINEd 
(see Figure 2.10). 


Sh 





Figure 2.9 Specify Skeleton. 


contains (object name) information where 


(Conditicn.: |») 


(condition n) 





(9) 


Figure 22105 Des@wivic where tt. 


CREATE REPORT FORM--this option allows the user to 
format a report to be printed (and will apply to 

both objects and results). He is given a skeleton 

in which he must provide the formemamc we rcpoue tities 
and field names, data types, and sizes. The field 
names are especially important because when the re- 
port form is used, type-cheeking swirl bemaeconplaened 
to ensure those names match the sub-object names in 
the object chosen topes pmer car 


SZ 


(10) 


(11) 


eye): 


Pear >-this Option is identical to the former HELP 
SPelons except that 1t acts om Execution Menu 
ieee 11S « 


QUIT ~-thess Option returns the user to the Browse 
(Cie teaiebe are diy Opem queries, it prompts 

the user to either complete or abandon those actions 
BerovesOUIMeis executed. 

d~ Update Sub-Menu (Execution Level) (see Figure 


This sub-menu provides a means for the user to 


MivmeGeOneUupaate information and relations. This ability 


mop tessto all actions Normally performed in the creation 


Pemmonject;relation, and the capability to change things 


mene as Object names, attributes, values, and relations. 


Access 


to this ability must be limited to specific users 


imomecrne tO preserve the integrity of the system, and that 


oom iil probably be determined by the 


Com 


termined. 


(The specifics of this process have not yet been de- 


Pere mmemlse pointer 15 om an object, thre selected object 


memewpanded to an Object skéiéton, where the user can add 


Homomm—ewange any part of the object. If not, the user is 


prompted to determine if he wants to create a link or an 


Gb Wee t - 


If he chooses an object, a blank object skeleton 


is generated where the user can identify names and informa- 


te Pon. 


linked 
(1) 


Demme sechoeses Mink, he ts prompted for objects to be 
Mumencmilank treld. items ineluded on this menu are: 
SAVE--this option allows the user to save his changes 
or additions. If he has created a new object, it 


will not yet be linked to any other, and will be 
displayed as an object, except that it will show no 


5S 


database adaqministra-— 


The following description assumes complete access.) 


(2) 


links. If he has created or changed a link, the 
screen presentation will be altered to show this. 


ABANDON--this option allows the user to exit UPDATE 
without any changes or additions made. 






Figure 2.11 UPDATE Sub-Menu. 
e. Print Sub-Menu (Execution level) (see Figure 


This sub-menu allows the user to obtain a hardcopy 


of any object (including results) or jsereensdwoplay dani 


the execution of the program. Items on its sub-menu 
inc Pimer 
(1) ‘SCREEN DUMP--this Option prints mie en. i icepeencen 


(2) 


(3) 


with the exception of Menuet ens sameetocmes, nonnsr 
to enable the user to presentations and records of 
his work. 


PRINT OBJECT--this Option promptsy tae su sc memommmune 
name of the object (which can be RESULT X) and sends 
it to print. It will be printed mine tou peor 
with the namegoft the object display cadmas Stic wrepome 
Gat hes 


PRINT REPORT--this option allows the user to print 
a previously formatted fepornt.  Herwwlepemmequ ined 
to enter two parameters 301) ) tire manic wo tsmniiemnc DO it 
form. He can either type the name or depress the 
center mouse button and Tolle rt sowie NCO n- 
rect choice is highlighted andwiéeleusemer nae) 
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the object (including results) to be printed. Again, 
he can either type the name of the object or position 
the mouse over the object and press the select (right) 
PEt diese inputs can Desin e1ther order, but 

pee second choice willl be type-checked against the 
Pret tOwcholre tne fieldenames tembe printed in the 
me port agetudlly exist in the object. 





Figure 2.12 PRINT Sub-Menu. 


Screen Display enaracterist tess 


SimncemoLlAD 1s 4being written to be run on a graphics 


femmiundme. several advantages are gained in the screen dis- 


play. 


Snesbaeic display, as shown in Figure 2.13, 1s as 


followse 


(1) 


(3) 


All major program components are placed in windows. 
Included are menus, object-relation layout, and 
menu Omerations’ (e.g. LIST MEMBER, SELECT). 


ell wimdows wil@® include elevator bars to show the 
user where he is in relation to the entire window 
me: it moes not Mll fit into the allotted screen 
pace ; 


Mny wimdow sizewcan be changed at any time by press- 
ing the left (drag) button on the mouse and expanding 
Srecontracting theweltastac rectanglte. When the 
button 1s released, the amount of information dis- 
played will be altered to accommodate that window 
See. 
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4. Program Plows 


Basic program flow has been discussed at some 
length and the basic control flow diagram is shown in 
Eretre 2.14. In amplification of those two SOURGCsE. the 
following lists the steps required to operate the program, 


(1) Boot or execute the program. This will present the 
Administration Menu and object display windows. 


(2) Perform aIMintstrative tasks or SeleGe PEXPLORE to 
enter the Browse Menu. 


(3) Perform object/relation browsing and/or select 
QUERY to enter the Execution Menu. 


(eeelordatabase querying at this level. Create and 
Save results, then return to higher-level menus 
meeselecting QUIT. 


Admin lst rat 1on 





pwecute Peat Quit 
Program 
® 
a 
© 
a ~ 
To 
be s 
Bo Se 
Browse 
Menu 
bee ~ 
rab) ro 
= = 





Execution 


Sub-Menu ~Sub-Menu 


Sub-Menu 





pryure 2 oie Basie Control Flow Diagram. 


om 


>. Usero mr edesiouce. 
A three-button mouse is required for the operation 
of this program. Wesmuse 15545 stolmiows: 


(1) Button 1. This is the “drag” button to Demme eenon 
adjusting window sizes. To alter the size yore 
window, put the mouse pointer on the upper right 
corner of the window and depress button 1 (the left 
button). Keeping the button depressed, roll the 
mouse in the desired dineetion Until the elas 
window is the right size. Then release the button, 
and the window will expand/contract to the new size 
and the amount of information displayed (and the 
elevator bars) will be altered accordingly. 


(2) Button Z. This 1s the “men sutcton Gas be sea fon 
displaying and selecting menu items. When button 
2 (the center button) 15 depressed ame ss aneemenu 
as appears along the top border will pop up. Keep- 
ing the button depressed, rom) the mouse dow unt i 
the desired option is highlighted. Then release the 
button, selecting the highimoited option. Sepeatune 
this procedure on a previously selected item will 
de-select it, clearing the Gperatawon Pander over: 12 
Cilem oleic Cie 


(3) Button 3. This is the “sele@ee Sbut com to bemused 
for selecting an item. Rol igre moticenune meee 
pointer rests on thevdes i cqmiieecmescinem so hie 
button 3 (the right buttom) ae epedt ame timo r Occur: 
on a previously selected Vitenewi ll adem cheer  ; 
clearing the operation and r-woaeeine Gane Sercen . 

D. EXCEPTION HANDLING 

This selection will not be alleameiusivesin thal we 
cannot at this time foresee all possible situations which 
might present “fatal errors”. However, sevemsieanmeacycan 
be discussed that will contribute signi ticammelyetoecen- 
sistency and “friendliness” in progam (excermron- mee ac adc. 
Sign should incorporate the following procedures and use 
them as conceptual guiadanGema neo © ncuie reece tee eee elaine 


decisions that might be required. 
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Cemeevucencral, test Specifically for acceptable input 
Poeiew thane testing fOr Spiecific Erroneous input . 
Pence eanp vem ene t! S book at the Situation in which 
Weed reswaltingwnor a REPORT FORM object to be selected. 
Rather than deciding how to handle a mouse click in 
tite dese be Window, Or a mouse click outside all 
WiMdeWwicwemete., ask "1S the mouSegpositioned on an 
Cie MilitrtT is Tot, them 1t 1S)an error, regard- 
ierool Where the mouse was whem it clicked, 


Pepeeeteie ateeciror Nas been detected, prompt the user for 
MpemcOrrcct Input by printing a “reminder” along 
the bottom line of the screen (in inverse video). 
Mme example above, the prompt might read "position 
Mose “over desired object and click right button, 

Cnt we Oonuycet mane’. 

(eens ituations where user confusion might be antici- 
weed |OOk fon specific errors that would enable 
fPiemprocram to assist the user. In the example 
above, if the user selected another menu item when 
Mmemouject selection was expected, a reminder along 
the bottom of the screen might read "operation pend- 
mice enMist complete or de-select previous operation". 

Peer ORITIES IN DESIGN 

The design for GLAD will be accomplished in two 
ducpumetestases. First will be the preliminary (or archi- 
tectural) design. This entails decomposing the program 
iio pilgek box" modules according to functions to be ac- 
complished. It will concentrate on the properties of the 
modules and their interconnnections. The second stage of 


design will be a stepwise refinement of the abstractions 
introduced in the first stage. The completion of design 
will be defined as the point at which all modules are 
written in low-level algorithmic language appropriate for 
direct implementation in a programming language (in this 


case, the C programming language). 


oe, 


Accomplishing the design as described above supports 
a consistent, organized, hierarchical program structure. 
However, it does not lend 2tsela werls to vas. conan 
priorities to designing particular program components 
before others. In general, wemdomnetedesiremtoeasceen 
such priorities, but there are several areas which could 


be addressed that would enable early completion of a proto- 


type of the program if 1t 15 deemedmmece are inese dreads 
IneGauider 
(1) Screen display. Program components such as genera- 


tion of windows, use of elevator bars, and arrange- 
ment of windows on the S€reenpanecemmportcmmmco sete 
program, but are not dependent upon the data structures 
or other aspects of the programe Iiemecrore. imple. 
mentation work on these components could begin as 

soon as the exact screen layout is designed. 


(2) Use of the mouse. Again, the use of the mouse will 
not depend upon the details ver, tnemnc so stiles p 1c. 
gram, but only néeds to Know tnemeencr aia one on 
pop-up menus and the use of each of the buttons. 

(3) File handiing. This aspect on stneeproceame moc citcnsm 
in nature and 15° identical) Coming se ee eile 
files will be opened, appended, seared de licred , ama 
saved. The modules dealing with these functions 
could be implémenged saewan 7 serie. 

F, DESIGN GINTS AND CUBES 

Many aspects of the design have alveady been addressed 
in these Specifications, So thismsee@Gro ne ec nac ieee 
augment rather than supercede any previcussdesivuny cdiscusomom 
The following comments will assist in the design phase by 


providing the “policy” for program enanacter to eres salceete ms 


friendliness. 
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(1) Always design to allow the user to escape from any 
Betiom DeLOmemat as initiated, The user should 
aibzays bie able tompress the "escape key” (actual 
keystroke not yet determined) to erase an operation 
before it begins. Let's look at CREATE RESULT for 
Ae xa Pees in this case, the user will have 
lehesucaminie Modules and determmmed the conditions , 
but may change his mind before selecting CREATE 
RESULT. Pressing the “escape key" will cancel all 
CMicteiiiormClEYS and retjwmrn tO the current menu. 
This ability will greatly enhance the user friendli- 
ness of the program to novice users, and will bene- 
fit sophisticated users as well. 


(2) Do not make the user a slave to the program by making 
Diiemnenorize arbigerary formats. ser example, the 
program may store all REPORT FORM files as a filename 
pmatme with ".form'’, but do moet make the user méemember 
Cm worm at tie end yot all such filenames. 
Laetcr emake the program append 1t to the name sup- 
meredeby the user. In addition, whén printing these 
fitenames in the CREATE REPORT SEORM pop-up menu, 
Pakcmene «LOrm'’ OLL £0 avodds any uwseér Confusion. 


fee lo mot force unnecessary information upon the user. 
ieemaght contuse the moyvice user, and it would 
definitely annoy the sophisticated user. A good 
Secamhe Of this point is the situation described in 
the "Exception Handling" section. When an error has 
Mecnmaehected@=1t gS appropriate to remind the user 
Pe iitet,pe Of amput 1s expected. Providing this 
feommder beteme that time couddmbe both distracting 
iadeealscOmLortine . 
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BE esi 


A. METHODOLOGY 

The @désign Phase Of Seine ieee ese re of a COMpUpems program 
is one which is of utmost importance. The reason is that 
its usefulness 1S directly Welapedeeomenee value  p haecamon 
it by the software devélopment team.) lt.2s sometmmes spook, 
performed or Omitted entirely i ie meeeeo cel cane 811): 
plementation is much more difficult and the maintenance 
phase must depend eEntinely “om ecw ra cient memoir lame cd ser in 
the code by the implemencors- 

Conversely, a good design greatly simplifies amplementa- 
tion and facilitates maintenance by providing documentation 
and considering modern programming practices (as described 
in (FAI 85)). The benefits available from a good design 
of GLAD are even greater, since the implementor will not 
have the advantage of communications with the desiener. 

For this reason, 1 1S Very (po redi esto mete enepines cinta 
tion which will be well-documented and easily understand- 
ablez 

The design notation chose for this project rse"Hierarchy - 
Input-Process-Output (HIPO) diagrams. Some of the advantages 
HIPO Dremades sine sud 

1. Improved sPocuneniatrone 

Since HIPO is a multi-stage process, both the function 


and method of each module are well-explained. The advantage 
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Veeenie desmemer is not required=to generate this 

foeumemtation aS 42 separate Step: it is inherent to the 

process of designing the overview and detail diagrams. 
2. Application of Modern Programming Techniques. 

HIPO is a top-down design approach, which lends 
meee well to the considerations of modern practices, 
such as choosing an efficient design technique and other 
feo womecOlsiderations (such as coupling and@eohesion (YOU 
79M) ) . 

eee coer iptions Vice Algorithms. 

This can also be a disadvantage since the design 
Canmemeoe mindlessly implemented, but it allows the imple- 
mentor some freedom in implementation style and techniques. 
Dimg@emtne implementation will be a follow-on project in 
Meese, this HIPO property should prove advantageous. 
Peis IGN CONSIDERATIONS 

limeoughout this (and any other) design activity, many 
eiomeeswcvolved. Some affected the nature of the progran, 
some were ''the best of several alternatives'"', and some were 
jeeeamsmarter of style. Since our approach here is top- 
down, all decisions were put off as long as possible (and, 
indeed, many will be made during implementation). Of the 
decisions which were made during design, some are self- 
explanatory and are not discussed in this document. Others 
are minor (perhaps style) decisions, and are addressed in 


the "notes" section of the HIPO diagrams. There are a few, 


43 


however, which are important to the vVeryemenearomens tive 
program and are explained here. 
C. DESHGNSDECTS iGiMe 

Perhaps the most importane dee1si10n 15 wWike mimes 
program will result in a new database management program 
or serve aS an interface (Coman existing program. \ineeee 
either decision could be accomplished, we decided to make 
this an interface. However, asvduscuscecdmrn sOneeer ne. 
we must ensure that the underlying query laneuace 1S capaniee 
The intention is that the implementation will take the 
actions to a Certain level or absence eronemmelcmecees amp lc 
adaptive interface could be Write@emmthat woud. trance) 
GLAD's symbolic instructional words to those of any under- 
lying query language. It 15 intéresting to note, howevem 
that the implementation could )|Ust asveasily be written ee 
that the instructions are in a particular query language 
to facilitate Marnt enanecr 

A- second “early” design deeacioneya ss eiemb ae som 
modularization that would be used. We decided to break 
the program down into modules that would most closely follow 
the static, hierarchical naturevee the prose since than 
would provide modules which are easily recognizable by 
function. In addition, this provides wery Cohesive modules 
with minimum coupling (again, to make implementation straight- 


forward and maintenance easier). 
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Another important decision involves the user interaction. 
Two aspects of that decision, which will be addressed here, 
are menus and windows. These are discussed at some length 
in (RAE 85a), and are summarized here to provide justifica- 
tion for the decisions we made. First, menus will be used 
because: 


eee iney do not require the user to memorize any (arbitrary) 
syntax or reserved words. 


(2), They encourage exploration. 
(3) They are feasible with fast screen updates. 
(4) They do not require much overhead. 
Windows will be used because: 
(1) They greatly increase the amount of information which 
can be displayed at one time by breaking it up into 
Poet Oncmuthis concept 1s explaamed apne (IVE 82) ). 
(peeve y DeOvide Cas, aceess te ditterent levels of the 
Program, since they can be easily shifted by the 
use of a mouse. 
Dee DeolGN LAYOUT 
As stated earlier, HIPO diagrams were chosen as our 
design representation. The figures in Appendix A are those 
HIPO diagrams. They can be broken down as follows: 
Sereesueure 5.1 is the HIPO Table of Contents. It shows 
Bae inierarchical layout ef the program and the 
numbering system which is used. 
(2) The remainder of the figures are grouped by module. 


They are identified by the number which corresponds 
fomune module number am the HIiPQ Table of Contents. 
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IV. CONCLUSIONS AND RECOMMENDATIONS 


A. GONCLUSIONS 
There were two majo, Come sus toms Tenenen during the 
research for (and the writing ©£) this thesis: Vitejygeaee 
both broad in nature and encompass several other findings. 
1. GLAD ss UNeceshiay. 

Although there are numerous products on the market 
which address database problems, one cannot find any 
product which fil] the requirements osnceser met Myen-sce 
power, and ease of use and learning gine see paemec arte. 
are absolutely necessary in today's environment. since 
there 1S an ever-growing diversity in database users. 

GLAD will provide Ghesevprapermies: 
2. GUADR Cabs ehoner 

There are many properties which must be incorporated 
into a database management system as was discussed in 
Chapter I. However, by a ceombinat 1onvor ms em@ee ee a eee 
good properties Of existing programs ancmaes hom imme. 
properties to meet the needs whieh havewnoes, ctmpecni sate. 
fied, we can develop a program which should help today's 
workers to become highly successful database users. The 


design for such a program has now been accomplished. 


46 


B. RECOMMENDATIONS 

The implementation of GLAD represents the amount of 
work still remaining on this project. Much thought will 
be required during that phase, since many of the decisions 
Meepecially those of style) were left for that time. 
However, many ideas relating to the implementation pre- 
sented themselves during the design. The following list 
of recommendations is provided to the implementor to 
assist him by presenting some further study which will be 
necessary and some suggestions regarding those decisions 
which remain. 

imeedcolp Facilities /Error Messages. 

this #aispect of a program is me of the most important 

(and often the largest). There is a fine line between 
DrOveuing enough help for thewnovice user andwebeing a 
nisance to the experienced user. (An excellent discussion 
fePTonmpts and error messages iS contained in {DEA 82)). 
i_oeniebec amportant to devise a seheme which is regular 
[emer rdessihe Same error message for the same type of mis- 
take), robust (does not allow the user to become "hung" 
in@eamprmocess with no escape), and appropriate (allows for 
Gimeerent Levels of help/error messages depending on the 
user's experience level). This design allows for such a 
scheme by providing a error-handling module which can be 
GCalicdeby fvandereturns to, any point in the program. In 


g@eeeetaon, Since a parameter is passed identifying the 
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calling module and the type of error, 1G ree eee 
to provide identical erronemessages (fo ee siiaele ne temenece 
(Incidentally, this feature siould alsovaidwiamncemamecem: 
enabling the maintenance programmer to identify the exact 
point of call for any error message). 
2. (Use 7Oiemror nse 

There are several instamees am the desren where 
forms are used, such as the expand object form. These 
forms are used fOr CWO Teasons ee 1 ho Geer ieoe yd ct seme 
structure of the form from the wemaimg@er ofetheemodu lero 
facilitate ease of implementation and Maimtenaieo ws cor 
it allows for flexibility in the imp lenene teicher mereby 
the implementor can Gasily adjust tChemoerueruaewo rt ic 
forms to make them all as similar as possible (which, in 
turn, makes the program easier to use because it iS more 
LeECu Men jis 

3¢”) 6 CU USGMOn eS them Moises 

There is no module in the design which addresses 
the use of the mouse. This is because it 1s intended 
that standard library routines Devused einen em oieune 
mouse operation. Again, the reason for this is tor provide 
standardization in the operation Of prooamcemomeecmecne 
He needs to feel comfortable that he will) bempiles to operame 
this program in the same manner as Me doc ome mew oes iic 


use of standard library routines will allow that to happen. 
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fem User Access Lévels. 

Phere 1S No Mention in this design of access levels 
for database users. However, it is probable that any 
ieeietonal system witli have the requirement.of restricting 
feeess Cepending on the clearance level of the user. One 
paaieoncmor such a need is the actual changing of data in 
Pier Meapace se Naturally, one willsnot want sto allow all 
Meteo co eChange data values. This ability should be re- 
Peatetcadeto just a few people om billets. One recommenda- 
Ploimermnow toe provide this feature is a "login" process 
at the beginning of the session. Depending upon the 
ememmanceelevel ot the person logging in, access to certain 
features of the program could be restricted. In fact, menu 
displays could be altered so that choices are not presented 
Momence who are not authorized to choose them. 

5. Number of Active Databases. 

Pe coTOUCO tie mpmOg ral teCOgmizes Only One active 
garabase. However, there 1s no reason that more than one 
daeaibase could be used, so long as the files used in queries 
memeomoatible such a Gapability would not.affect the 
eeoecomkcepethe database themselves separate, but 
rimmoneres would have to be added to determine where query 
sequences would be saved if requested (and others). 

De amndow o1ZES . 
The screen percentage allocations made for the win- 


dows in thas design were besSt-guess estimates of actual 
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requirements. They can be adjusted@as™ncecoo am = rernc 
discretion of the implementor, Ppascu On Mor. som emma 
knowledge from empirical results or further research. 
It is also intended that the User be able vo ddj cman 
size of windows by the use of the mouse. There is no 
provision yet to allow fim tO -emanger ene pernamene “aes 
fault valué Of Window sizes ps oulew ena way ee sano ener 
feature the implementor Coummd aetna Celie mer nr rea 
cumstances, for instance, that a user would never have the 
occasion to use the query facility buteont, oronse tne 
database. In this instance, it would be more beneficial 
to have a large schema display windoweat Umo ecxpcmec oer 
result display window (without forcing the user to effect 
that change every time he Uses the peo ce 
6. Use of Prototypes in Inprememuac leur 

There is little discuss ilomeaieen Se encsmennecardime 
the order of module” inplrementaeren. = hewe vests mee eet iis 
project 1S to produce a genera lives] uments 
opposed to an answer to a specific application), many of the 
features of GLAD will be Gvo lu tama iy cee Cae 
implementation of new features Gould Comer eeindc et ecus, 
if desired. The considération will be Gone of value versus 
time to implement.” Because or thisepecpert, ate woulda. 
heneficial to use prototyping in Orden memes een mea ence 
are naturally important and@yhwene mien ee orev Cc =supe rr rea 


One recommendation towards this goal is to implement the 
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Pieorve Screen display and windows first (with the use of 
dummy variables and modules where required), then build 
from that point, one module at a time. This procedure 
would also aid the implementor in debugging and incremental 
testing. 

eewse o1 Color. 

This design is intended to be displayed on a mono- 
chrome monitor, but there are some advantages which could 
be gained on a color system. For example, different 
colors for different windows might help the user to focus 
on the most important part of the screen. There is one 
caution, however. It is very easy to overuse color to the 
Pomme wmere the information is obscured. » Any use of color 
ewomlmambe Caretully examined to ensuré a positive contribu- 
Mmiomeresults. 

we implementation gone additional Related Packages. 

There are several possibilities for additional 
Meocramns that could be used in conjunction with GLAD. 

One such program might be a chart/graph package. While the 
original implementor will not be able to undertake such 
additional challenges, he should’certainly watch for such 
possibilities and guide his implementation so as to easily 


deep: them. 
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(iipeouetonteprogramn, highiichipeaertOnmas sit becins 
cic Geruirn lt tOommalwilGeo wien action is 
Som Lete . 


Header message may say "Select one of the ‘following 
@aeapases on file;" 


db-sys-name is one of the parameters which must be 
accessible at any time during program execution. 
imiemdtstinction 1S made here that curr-defaults is a 
set of global variables used throughout the program. 
ims eis mot to be confused with curr-detaults-file, 
which is the file where the “permanent values" of 
these variables are stored and is changed only by’ 
executing the setup defaults module. 
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HIPPO NOTES 
fOmeC EO Siu mel ce 
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made an the Setup-defauieuomnoqule. 
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EPO sNOrrs 
for BROWSE (1.5 Prep) 


This preparatory module, and a similar one named 
ie ae ceieeBROWSE Menu, arewimeluded as “lead-ins” 
to the main menu control modules. Since we want the 
program to execute as efficiently as possible, we 

do not want the menu re-written every time a 
subordinate module returns control to the main menu 
control modules (do-admin, do-browse, do-query). 

Meee imciusion of these “prep'"’ modules emables us to 
Heecomplish the initial set-up activities without 
having to repeat them. 
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HEPO NOTES 
for DO-BROWSE (1.3) 





If we got past step 2 auiphicmomiyeicalideeno mec aaa 
"quit", which returns us to the ADMIN Menu control 
module. “lf “quit'” 1S Saoemphiems cleetron at thas 
point, there was a mistake in the input, so outout 
an error message and return to the ton and let the 
USC Enya vane 


The remainder of the Steps perform a “gneo’ fume tacm 
For do-admin (1). We cannotmea | ieovar, a0 mnoucls 


this since start (0) @also does pwoctram ini tuat tone 
such as loading Curr-defaults. 


Figure 3.19 Do-browse. 
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ysl O ii Oub ass 
tor AD-HERR It 25) 


step | Noe 


This module is currently designed to provide a 


Simple-1ist to the seme bach oumenusitenetomac 
scribed along with the types of actions which wilt 
be required of the user, Slt might be moreumce unm 


to prompt the usér for aumenmeitemn he waneemoee 
scribed, and present oniyeenciteiten.  (Onemberoon 
yet, allow the user €0 che@se the ‘Nelp  senuren 
anywhere during the execution of the menu or sub- 
menu items, and provide very specific guidance re- 
garding the actions expected of the user at that 
ONOMIUGE ¢ 

Deciding which of the first two methods to design 
was simply a matter of personal style. 

A decision to use the last method should be made 
only after much deliberation, because it implies 
that a help message be prepared for every nossible 
User situation (very difficult indeed) 


oT. Any keystroke can be used here to symbolize com- 
pletion. I recommend that the particular symbol be 


chosen to coincide with the one used on the taper 
mentation system to indicate a "continue" selection. 
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HEPO NOTES 
EO@meueoOR-OBJ mel, Sal ) 


Corde se Opes. alisteet Obijeers which are being 
described in the schema presentation. 
iis mawe cam De webhject" selection should, act as a 
MOC@mceuOnNCaeh Object. TE tne object is not being 
ieecamibed=s selecting ‘describe object" will cause it 
Bowe scocriped. Conversely, if it is already being 
Weteawedne tins Selectiom Causes the degcription to 
be cancelled and the schema to be rewritten without 
it 
The method of display for an object description is 
as follows: 
-» use a small window format which will overwrite 
Mice OoVeCr In the Seneman display 
-» this window will have standard boxes which will 
Boe tilcdein fromm ormation in the obyect 
Pike Sten as aaiamenmmaic lds ete. 
This action is actually performed in the screen- 
Fayeut module, but is introduced here for@elarifica- 
Coll, 
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SIRENS) IOV ass 


for UPDARE-O8) “(1i. sn 


This display and edit function should be done in a 
Standard edit format that the normal user would be 
familiar with. It is not necessary to have an elab- 
orate editor since this is not the primary function 
of the program, but it should be effective and 
understandable. 


Save and Abandon should be small icons located in 
the top corners of the misc-window. By having them 
displayed there, the user will always be comfortable 
that he knows how to end the update function at any 
time (and for any reason for the "abandon" Optionie 





Figure 3.3i@UpdauesObg, (ime 2) 
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HeEPe NOTES 
EOmerieNT- OBS aC hesa.3) 


This sub-menu is actually composed of just the 


three choices printed out on the line immediately 
below the menu box. 


Deciding whether the mouse is positioned on one of 
Piceseems Cntanls moting the curser position at the 
wate OL cach Choice and counting Spaces 





OC roe oe Dt OD) (a5 5.) 
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HIPPO NorEs 
for SCREEM-DUMP (1.5.3.1) 


This header message will probably include things 
such as database name, current date, and user access 
level (it used) 


It 1s anticipated that the user will usually want 
to print what the schema looks like, so we give him 
this option which will be quicker and use less 
paper 


In this, and the @wo: fo lve wns gern rT sub-items, 
highlighting is turned off in a module that does 

not turn 1t on. While (thesoeis wsital ly emo teed 
Sirable characteristic, im this Gase itis qustacuem 
Since the modules and logically connected and it 
Speeds execution 





Figure 3.37 Screen-Dump 
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HEEO Ores 
sefelye ISA MILNE ies OU Gly 5 -. Siw) 


The object name can be typed in, or the user can 
position the mouse over the desired object and 
Mee come Selece bULLOne 


The number of field names (and table values) to be 
printed will be determined by the width of the 
Fields in the records and the width of the nlaten 
Smeetesprinter. Stop at the last fieldiname fand 
value set) which will fit completely. 
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HIPO NOTES 
fOr PRIN Emme een) 


All rields in Fepomesionm must (xis t amewne sobajecus 
Otherwise, you cannot know where the inconsistency 
aS 


This will be donegas andieated in the Gjemomemnenn 
directives (1.¢€. ‘file headers fueld na mcoemeeita 
widths will be specified) 





Figure 3.43 Print-Rep 
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4. The call at the end of this module is different 
than the one at the end of do-browse (1.3). The 
reason 1S that do-browse has a simple lead-in 
module that can be used (recall that the lead-in 
module to do-admin is start (0) which does more 
than simply change the menu display and the curr- 
menu variable). 


Pigure 3.48 Do-Query,. 
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HLeO Nemes 
for SEXPAND- Obie. 5. 5) 


This module should be implemented in a manner almost 
identical to that used for descr-obj. They are 
Similar functions, so they should look very similar. 
The only difference between the two modules is the 
actual layout of the forms (small windows etenac el 
overwrite the schema during screen-layout (draw- 
schema). 


Figure 3,91) Expand] Ogee 
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Hero eres 
POrgelSot-MEMe (1.3.0) 


PVissmecdube sis sthe third im thessermesmof object 


"expansion" options. It should be implemented 
the same way as the other two (descr-obj and 
Sooaid-oog)., The use of “forms” in all three of 


mierewedse> should simplify their implementation 
and enable the implementor to ee conformity 
timber tilanity in their use. 


Figure 3.54 List-Mem. 
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HIPO NOTES 
for CENTER-ObvmeC lo.) 


This module is fairly straightforward except for 
the case in which Ghesiisermewames tomece Oltmot 
having the schema display centered around any 
object. There aré two ways tomaccomp | 1 nmetinses an (lel 
the user selects “center object” withoucunaincesene 
mouse poOSitionéd On any opwlecr, wana pmieceters 
"Carriage return” when prompted for an oonect mame 
or™(2) the usér=selleets Veentersciiece tua menoite 
having the mouse positioned on any object, and 
types a symbolic name (such as "home" or "none" 
when prompted for an object names ime aavantaccmue 
option (1) iS that 16°45 fastereand caster... Tire 
advantage of Optton (2) 1sethat twee lmdes tine 
user from “accidentally” “SeWcetingetrom meme” 
Option. However, he would need to be reminded of 
the symbolic name for ''none', because we certainly 
do not want to force him to memorize an arbitrary 
command code. The choice between the two options is 
really one of style, since €i1ther youd agecomp lama 
the task. 


Figure 3.5/7 (Cente Obge 
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HIPC NOTES 
EOmmocaVE>REce (hese, 1) 


The query sequence to be saved here is one of the 
ecamences thre user créated himselft earlier by se- 
PC etmedte result srt 1s Important to’ note 
MemesctNat the result 2tselt may not have been 
euerecad at ail, and all we are dealing with here is 
ne sequence that creates the result. 


Mineseeob tr lbe-list 1S a Waist of file names that con- 
tain certain query sequences, repetitive actions, or 
command "programs" that the user or database admin- 
istrator has created. These are included to make 
the program easier/faster to use for the experienced 
Mectmeanagspernans Casier to learm for the novice 
user {in the case where the database administrator 
creates command programs). 





Figure, 3405 Save-Res. 


AejTd 
-STP SO1-MOYS 


poseia Aetd 
-STp SO1-MOYS 


"SOY-MOYUS ¢g°S O1NBTY 


Cee eo) operon 


(oS 1) Alone Op .od. tina 


(UOTJEWLOFUT JUSTIN YITM) WIOF-Sd1-MOYS 
Aetdstp ‘uot.,etndtuew e.ep wiosystad =asTey 


iS 18) 
Ailanb-op 03 uinjel 4 Sdt-MOYS [TaDdUeD =9anI)] 


iS MOMS Seat Wee eS al eels BS 


oUeU JLTNset. 705 


d 





(p'c°T) Atanb-op :woug 


(Z°p°S°1T) SHU-MOHS 105 
WYWYOVId MATAYAAO OdIH 


¢ vb ¢°T *YaaWwnNn xo 


WLOF-SdL-MOYS 


aL ue NU; 
easnouw/1osp 





114 


AeTdstp ewayos 
porepdy 

powloy Y[NsSoy 

S}[nezop 

-IiInd poyepdy 


poAowds 


Av,Tdstp euayos 
S}[nejop-itainod 
porepdy 


adword As sf 


POIYStTYyst 
Me EUS ot vOU Se 





"SOU-MOUS pO°sS BANSTY 


(Ai Oneal ooess 
GZS 1 ieee bop 2 oO, 


(pio De Alonb= Ono 

COVE are LOU O02 4, [Sol MoUs wl tinqon 
UMOYS JTNSOI YIM VUAYDS MPIPdaI 0 
(ZN (eusyss-Meip) yNoOALT-Ussei5s [TED 
WN a gle Meke te aleney We Oar ste) 


S891-MOYS-LIND 0} OWeU ppY 
aSsTa 


(p°o°T) Aazonb-op 03 uinyzosy 


SOD Ue wero Os | TT asoieMous suing oy 
BWSYIS MBIPSI 04 
(Zn) (eweyss-meip) anoAeT-usae19s [Te 
SO9I1-MOYS-1IInNd WOLF SWeU dO79TOQG 
PUMEUS SUT ApPelT PR Sh 21NsSod 3 7 


SOI-MOYS-1LIND UT dSOYy} YSUTese oueU yDaU) 


UP (so Wele Matos. 1aulo1 dese 15 
3T asn “qTnNsai Be UO psauoTyIsod st asnow FF] 
nuow ut Xoq ,,2[NSoI MoOYs,, IYSTTYSTY 
d 
(p°¢°T) Azronb-op -wodd 


(Z°p°S°T) SHY-MOHS 103 
WYWUOVIG ‘IIVLAG OdIH 





Z'p'c’y ?4aawnN xo 


1NOALT “Use m.8¢ 
S}[neyop-ijin 


S}[Neyop-iin 


INOABT-USdI9 
S}[NeysFsap-11inj 


S}[nejop-11n9 
yndu] 
asnow/19sy 





IES 


HIPO NOTES 
for SHOW-RES (1.3.4.2) 


THiS 1INStructionmMmayepiomestor De tnemmece time 
consuming Of the entine progwan. Umi! seunicmtemnes 
the result has not actually been formed: only the 
query sequence has been saved. Now it is necessary 
to actually execute Miaryscauenec. 


The show-res-form to be used here will be essential 
ly identical to the one Used for slist members) Ine 
difference is that it 1S)to be Gusplayved below tne 
result box Jrather than Oveuweit ie een comrci 
with list-mem. The reason we do not want to lose 
the intormabion cComeent jor onsudcomp, sent omsiadaiae 
(Recall that Ghe result bo enmcmcwemmolgic@ms eriscd 

to generate the result ane iden ered alee cheedcm! ose 
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HLeO NOTES 


for CLEAR-RES (1.5.2.5) 


this accel t=iamkon is the one created by create-res 
and includes filenames and query sequences. The 
"X'" refers to the integer used by the numbering 
orci Gn tiat particular resultesequence. 


This obj-shade-list is the objects which were used 
in the result formulation. It is referenced by the 
particular result sequence. 





Figure SS, Goa CllecaroRes . 
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HiPo NOtes 
For CREATE>RES i( ced ae 


This step will result in a file which contains all 
the steps previously identified by spec-obj 


This Creates/adds to a Nisteem resultsevinienee ie 
user has created duringwtnicesessciom. le lee 
used to determine how many results are shown in the 
schema display, along with other user options, such 
as Save/show/clear tesuinns 


Once the new file has been created, all current 
entries in Specify-file are Cleareduss fico user 
can begin his next query formulation. 





Figure 3.71 Create-Res. 
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HEEO NOLES 


EOr 2eOB-RES (1.3456) 


itsewewermew Ls ECSSeCntially tne same as create-res 
except that it takes the steps previously defined 
for multiple queries and combines them into one 
nieompaqleny, because of that, thereévare several 
Mhouse-keeping™ steps to straighten out the files 
abd schema display. 


Figure 3.76 Comb-Res. 
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HEPO NORE Ss 
for SPEG@»OR I aG@e >. = 20 
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The commands are not given here for the QBE query 
formulations. Specific information has not yet 
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such information should Be an hand before proceed- 
ing with query rules/codes to ensure consistency. 
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specify-info-X files whieh will @ec used ter create 
Chewresui tc. 
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HIPO NOTES 
EORNOurat E> REP (1.5.4.9) 


This module should be implemented in a manner very 
Mii lameeomiumdate-obg (1.5.2).., ft should have a 
Stame@drad tOrm displayed tnat’ the User can fill in 
with his parameters. 


PetoenenOrt=rile 1S a fille Containing the names of 
Meports the user has previously created. 


The save/abandon option only affects current work. 

itaesis, if Cannot be used to call wp aypreviously 

defined report form and erase it. There should be 

some device implemented in the form to allow delet- 
Mesa report file. 





Figure 3.84 Create-Rep. 
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HIPPO Ne@tES 
for ERR-MSGS (U1) 


This input <parameter showmldernd tequemarcod inp 
scheme which will identify the class of error 
message, and the particular error message within 
that class. By using Such a scheme, locating the 
message will be simplified, messages can be shared 
by many modules, and the message contents can be 
standardized (i.e. the same type of error anywhere 
in the program will get exactly the same error 
response). 


By using a well-devised coding scheme, the search 
technique to find a particulamsent ny esioula be 
tr iyveiaele. 


Forcing the user to press Carriage) Reema can, 
other symbol) to continue implies that we have a 
novice user that must be led through the process. 
This may not be necessary, and may annoy the 
sophisticated user. “Thas 1s@realliy samme.) 1onuere 
personal style, though} and ane pe  lieented on 
desired. in fact, one could provide a derault ope 
tionvo£ “Help me throweh” or @@teayemnemeane. | 


Another important point to note @here as that thismeme 
the first module which returns to the point of call 
rather than simply calling another module. By this 
I mean that you must return to the Step within the 
calling module rather than the module itself. 





Figure 3769 "obi Msace 
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HIPOLNOmES 
POmeocREEN=AYOUT “(U2 } 


This simple case statement uses the input parameter 
to determine which sub-module should be called 


iaissmodule, like err-msgs (U1), must return to the 
Pomtmecular point of call within the callings module 


Peom—ea Strict efficiency point-of-view, this module 
momilormnecessary at all. The reason it@has been 
mieitmded 1s that it Imcreases program elarity by 
providing a single module to interface with the 
Gesepo: the program. Since this project is being 
accomplished by more than one person, we do all that 
1s possible to ensure clear meaning and methodology. 
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HIPO NOTES 
for DRAW-SCREEN (UZ) 


All parenthesized numbers in this module are based 
on the percentage of the sSereen that the associated 
box or window will take. The first number is the 
percentage of standard text rows, the seconc number 
1s the percentage of standard text cColummo we tnese 
can, however, be adjusted as necessary during imple- 
mentation. In fact, some of the curr-defaults coum 
be current window sizes which could be saved for 
CUCU me: USC. 


There are three types of drawings to=be made Dy semen 
module. The differentiation is as follows: (1 ) boxes 
or things which are not intended to be changed. The 
information which will be displayed in the boxes 
Should fit and there is no reason that the amount of 
information will change. Boxes are used for menus 
2)windows must be much more flexible. They are drawn 
with elevator bars along the bottom and right side 
to show the user the percentage of information im 
the file which is currently being displaved. Their 
Size may also be changed by using the left "drag" 
button of the mouse (thats rnc saa Siemcersc uc son 
whether this change will remain after the current 
operation or not). Windows are used where varying 
amounts of information Will be displaved, such as 
the schema, 3)lines are real lyvomigeaeune boxes, 

They “will display or accept yomii wens iemic Or 
information. Lines are used for commands and 

CEM AnMauess - 


Figure 5.95 Dray -sereecne 
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HIPPO NOTES 
for DRAW-SCHEMA (U2.2) 


This schema-diagram has already been generated for 
Mee in the data definition portion of the program. 
It was built as the database administrator designed 
mie database system. All we have to do here is dis- 
dye it . 


These forms are small windows (with varying amounts 
of information) which will overwrite the object with 
which they are associated. The way they should be 
iipmemented is by a standard form which goes to the 
Pihcmite represents and pulls out the requiwed infor- 
Matton to display. It may be a good idéa here to 
Savemctiiis information the first time it is retrieved 
amd use it each time this module is called provided 
that it has not been changed (by update-obj). 


ite Ssame comments as step (2) apply to thiisesten, 
eepecelally the one about saving the information 
poured to perform this step. Im show-res, this 

ms wmere the data manipulation is actually performed, 
SO. Useimperative not to have to rediscover tie 
mices: Caen time it 1s ued. 





Figure 3.98 Draw-Schema. 
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HIPO NOTES 
for DRAW-ADMENU (U2.3) 


This module (and the following two) Ssimmly. waitcmame 
menu items in the menu-box. It is, however, impor- 
tant to NOte The bolndarres or cach trem ces 

box because the user Canmeselect the item white 
click of the mouse and the program mustwpem@ple eco 
tell if he 1S in a menu item box when the memseuiu 
Glare kwed- 


Figure 3.F01 Draw-Admenu- 
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